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At the January 1946 sesseion of the Depertment of Chemical Sclences,
Acadeny of Scilences USSR, I reported on our work on the ypreparation and
" properties of the cyclic esters of prnosphorous acid. In our paper (4, Yo,
R Arbuzov and V. M. Zoroestrova), methode were given for preparing the chloran-
hydride of glycoiphosphorous acid and 1ts wethyl and etayl esters., Eome of
their properties and reactions ware described,

We have now widened the scope of our investigations and can describe the
preparation and propsrties of a considerable mumber of derivatives both of
~ glycolphosphorous acid 1tgelf and of more complex compounds. Ws have prerared
and studied ine principal proportles end reactiona of such compounds, waich
can be regarded es substitution orcducts of glycolphosphorcus acid and, con~
sequertiy, of X-glycels, forming a five-mewber ring with an atom of phosphorus.

We shall further describe the preparation and propertles of & small
pumber of cyclic derivatives of phosphorous acld, such as the derivatives of
8-, Y-, and § - glycols, which form the corresponding six-, seven-, and eight-
merber rings with a phoavhorous atom. The tertisry valency of phosphorus 1s
abgsarhe? hy the chloripe atam and the alkoxyl group, and thus we shall acguaint
the meeting with chlorenuydrides ard compound esters of alkoxy-&x, -, y~, ard

Py
% -glycolphosphorous aclds.

To deplct tha fairly complicated picture of the properties and transforma-
tions of the campounds studied as fully as possivle, 1 append some propersies
and transformations of compounds described previously.
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First, T saail conaider the prephiesion i the cli.Laranhidrides’ of varioud
glycolphesphorous acids syaths trod. : :

The follovirg glycols weresuied a8 wnicial r:Jmpomis': (,‘1) ‘ethylene glycol,
(2) O\ -methoxypropylene glycol {the Ck-methyl ester of glycerol), (3) l,i-butylene
jeol, ani (5) diethylens glycol (See Table 1).

@ycol, (k) i k-butylens g

Table 1
N Formula - = ]
t ] up ] 130 n%o MR
(4m OC A aeD MRy
{in °C) : . Xxperi-
» maz:ta.l - C&lculated
1 CHZ" —0 : : : PR S
! NEc1 B1.5/10 mm [1.h372 | L.AGE5 | 25086 3 25,58

CHy — O

Seel | 78.5-79.2/9 m (1298 14722 | 36.77 | 36.46

CH3 - CH -0
/ -\ , )
3 CHp 1 65/12 mm 1.2496 | 1.4765 34,91 34,81
"\ /
CHp - O
CH, - CH, - O
i H|2 = >I’Cl 74-75,5/8 mu 1.2852 | 1,5010 35.33 34.81

CHp - CEy - O

_CHy:~ CHy - Q :
0. - Npol | 104-105/15 mn |1.2693 | 1.5165 40, 1k 39.43
\CHp.- CHp -

Tha chloranhyérides 7sre prepared by Ths action of phosphorous trichlnride

on the glycol, mualiy ‘n a solution of ¢rv =tner in the presence of pyridine
(£, +. Milouond-ekiy) .- dimethyleniline ... Yo, Arbuzov and K. V. Nikonarov).
On completion oi wue ceackion, the aniliz- “hloride was removed by means
of a Nutsech filter, the ethesr was evaporated and th- residus fractionated,
wsually from an Arbuzov flaun. Ilelds wore satisfactory for K- smdp- glycols
but ccnsiderabiy poorer forf -, v-» and & - glycols [ sic]..

~h arid~g ot K- glvcols ars colorless liguids vwhich fuse in air.
v~ mad in this reopect are reminlacent of the chiloran-

rous acids, espacially those of ethylphosphorous arid.

Ths ~hl
Fh They are ©XC v
hydrides of dialiwiph s ihc

SIa
2

-
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i, )—butylcm glycol 18- exce]lent, and
the compound 1s relatively stable, Evjdnnh,/ the six-member ring is more
stabls than the five-member On the other hand, the yield of the
chloranhydrides of 1,k-butylene anc dlethylene glyzols is very small and
extremely unstedle. It Tumes vigorously in air and _n.med_lately catches fire
and bums with a blLe :lamn when poured on to a filter paper.

The yleld of the ::}iloralﬂx)'d:‘ide of

[

In the pure atate, tha geven- and eight-membsr chil oranhydrid.es are
colorlees, mobile ligulda, " However, even in cloged receptacles.they polymerize
capidly Into a colorleas, gelatinous masss which later turns yéllow; evidently
due to the evolution of red phosphorus. ’ L

ohl.oranhydrides carii:c uged a3 inftial compounds. for. preparing the full
esters of phosphorois acld by the action o anhyircus alcohels in the
of pyridine or dimethylaniline. : RERRR o

. The
compourid
presence

che'ver, the method we -generally adopted when preparing compound.alkyl- ‘
and aryl-cyclic esters of phosphorous acid was to start fram Menahutkin 8’
chlorarhydridss and the corresponding glycols,

I shall row acqua'nt the reader with the compound edters of the various’
glycolphosphorous acide. prepared. We eynthesized 14 esters, only one of which
containeg the aromatin phenyl radical,

Table 2
. bp dgo 5 ng 1 lem
-] Formala ri-|Calcu-
(1n"oc) wmental |lated
1| CHy -0
| 3P - oCH;- 55-56/23 mm 1.2159 | 14460 26.77 | 26.96
CHy - J
2| cH, -
P e \p - 0CgHs 51,5-51/15 mm | 1.1317 | 1.%395 | 31.66 31,62
CHp - O/
3| -0 -~
| JE - OChﬂg(n) 71-72/8.5 mn | 1.0819 | 1.4470| 40.53 40,87
CHp ~ C
T ;A
] >P - OCHCE,C1 | 78.579.5/6.5mm | 1.3206 | 1.4755| 36.39 | 36.46
CHy - O :
[ omo - o,
(R - Q 77-18/9 ;
5 | P - CCHq 7-75/9 mm 1.1793 | 1.:459] 37.52 | 37.85
Chy - O
cn3o - cl'HQ
6 CE - O 84-85/1C mm 1.1415 | 1.bL98| 42,35 42,4
! /D - C-B
CH_- 0
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CH3O - CIH2
; 7 CE - O

i P Gl lgn
CHg- C/; 9

P e
AU Ao Jf J i

delUf LD

PPN
L=

1 e
se it

145,5-106/7 ma

1.21307

53,11

52. 1k

93-64/7 mm

1.0937

16.68

47.08

| 10 cH

108.5-110/8 mm .

1.1629

‘1.4601

50407

504l

5L-55/4.5-5 m

1,160

L4642

35.60

100-102/9-10 mm

1.4540

50,05
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The physical and chewical properti v of tha eaterd gynthesized depand
Yo 1 conaiderable extent on particls size and Soviichure.  In’general, they
are very active commounds. .. compounds of iow mgleculdr weight recall the
Gelhyal ow @yl esless ol puispioz Jus agid. b regard Lo both odé. and oxida-
tion tendencies., Many of them nxidlze with flame under the influence of astrong
‘nitric acid, simtlar to trimethyl phosphite. R

An energetic reaction with water accompanied by.the evolution of & large /
amount of heat is typical of all thase esters, -Many of “them, being trivalent
phogphorous derivatives, yleld compeunds with the monchelide-salte of copper
{A. Yo. Arbuzov's reagent). .Some of %hege were obiained in,the .crystalline
atate, : .

: Tabla 3

No , Formula mp
B N . Oc T

. g
\PO=:H3 . CuJ 132 - 133 70
S :

o . .

N .
POCoHs . Lud

o/ =

)

N

o

POCEH nd

5 o

CH2 -

0
\POCH . Cud

. / 3

(,Hg -0

For the same reason, sulfur additilon compounds were obtained for
agome of the esters synthesi-ed. Sulfur unites very energetically with
methyl ester ot -msthcxymetlylizlycol ester of phosphorous acid. When one
arem of sulfur ccmbines witu 5 grams of ester, the temperature rises from
200 to 105,

On the other hand, addition of sulfur to th- analogous ethyl ester
proceeds slugglohly end requires heating to 110° - 120Y.

i
I s
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Table b

Formite ' Bp {in SG) O g0
e P\ A .) ‘ Dg ‘ n]ﬂ)

1| cBy - e

CB - 0~ o : :
|- - OCHy | 111 -112.5/1.5 mm 1.2877 11,4889
a0/ [ | T | |

2 | 0F0 - CFE
CH - 0 ) ST
P - OC.H_ | 121.5-122/2 mm 1.2359 1Lk790s |

A1l the foregoing properties and reactions of the lh.-cyciic. compound . )
esters of phosphorous &cid synthesized are in general very reminiscent of
the" properties -of the full alkyl esters of phosphorous. acid and aspeciaily of
those of trimethylphosphite,

I now pees to a more Interesting part of my paper -- the examination
of the reactions of the cyclic esters where the effect of thelr structure 1s
most pronounced.

This effect 1s manifested when they are subJected to the action of alkyl
halides, e.8., henzoyl chloride or bromide, triphenylmethane bromide, to the
action of water, to the action of acyl halides, e.g., acetyl bromide, chloro- -
carbonic ester, etc.

It is interesting to note that all the cyclic esters studied fell into
two groups with respect to the reagents enumerated. In the first group, as
a rule, the reaction is accompanied by opening of the ring. In the secund
grout the ring system remeins intact, £s will he ueen later, there are also
cases where the ring is broken under the influence of one reagent and is reta ined
under that of another.

Yet another enlargement of the foregoing siatements is the fact that we
d1id not ovserve & single case where & cyclic ester reaction (e.g., with an
alky halide) procesded simultaneously along botk lines, 1. e., with and
withouo 2aug opening.  However, we cannot asgert that such cases do not take
place, if only because the yisld of the final products is usur1ly small and
consequantly the fate f a subscantial proportion of the initial compounds

ig unkmawn.

In my paper at the January 1945 session I reported cn some propsrtles
of mixed alkyl-cyolic esters of phosphoraus acid aynthesized from ethylene
glvcol. Tt was possible to conelder t.e easy cpening of the [ive-member
heterceyelic riny formed by wwe cavbou etoms, twd oxygen atows, and the
phoepar roue avom a8 the most typical end winxpecied fiopert) 5T these suioro.
This is confirmed by Table 5.

> s Ao oea
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Ta'blp 5 < :
. R " Formula b 20 0
) = S | whe T
CHy -0 - :
) P - 0C, B, + CoHgBr—».
1 Jng R i :
o 0 R
g 7 129-330/11 mn 11,3726  |1.4610
“$CHBrCHpOF ~ 0CoHs - B
Colls

CHp 0

c&z -o>’ - 0CoHs 4 CgHsCHC1 -

-  CHCL - CEOP - 0C,H, 82-183/7.5-8'ma] 1.5128

B HQC 655
0

/
— (C CP (OH
o2, (e (omg

CHy - 0
P - ocH CBr
| (t’xe o’ 5 1 (Celg)sCBr =

0 '
> a M. P, °C
-+ CBBr - CB0F - OCH, 153-155
(CgHsdy
/'\
= {6g85):0F (0F)p ,
Hap. HC1 g

CHy - 0/ ,
Cglis) 5CBr -3

R e B
e _—o

" -3 ChyBrCHF - O 8,

9¢-101
C(CGH‘} )z
(o]

V4

Vi
— (CcHs)sCk (OB)z
Sap. EC1

e | — —— ——
1t would. auweVen be premature end venturesome to conclude, on the basis of & studv
of the properties ot ihe al¥ylethylene glycol esters of phosphorous acid, that other
alkyl- & -glycol esters vill also be characterized by oase of opening of the five-member ring.
- 7 -
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It would seem uhat in our fuxther study of the allqyl cyolic eaters of
= ’ phogphorous acid we should have syntheslzed the alkylpropylena glycol eaters.
} But at that time we had no propylsne glycol at our-disposal and therefors
: continmied to work with &lycerine: Having obtained methyl-arbatitution
glycerine indok-hydroxyl, we thus had, as it were, ‘methoxy-substitution
propylen. glycol. Proceeding from this comoound, as .can be seen from Table 2,
the mixed methyl, ethyl, n-biutyl and pheryl esters Vere synthesized.

Similerly, proceeding from glycerine, we prepared - efhoxypropylene
glycol endX-monochlorhydrin giycerine, otherwiss known aso( chlorpropylene
glycol i :

Working from these compounds, we synthedized. two lore-esters -- the
ethyl ester of ethoxypropyleneglycolnhosbhorous dcld ind the n-'butyl ester
of X-¢hlorpropyleneglycolphosphorous acid.

In ro cage 41d any of these slx .esters contalning. the \fivver-'mem'bﬁr ring
display a tendency to ring cleavage when acted on by 't};e same” reagents; in
contrist to the alkylethyleneglycol esters, as can be ‘seen from-Table 6.

kN Table 4
Fe'f © . Forimla S dve (noc) | mp
1 CHO - C ' 0,0 - C o ‘
, 230 - CHp . ‘ :
ok - E cgg -Q P 140-141/3 mm
! \"m By + CoEsBr — X4
[ /2 € /\
CHy - O CHy -0 CoHy
CH30 - cng CE0 - cg?
o P
V4
2 >=OCH3 + CgBCH Br—» \-’\
CH2 o CH- O CH CpH; 88-89
CH30 - CB, OH0CH, ,
i -0 CCH - 88-89
3 L2 >r - 0CoHs + CgHsCH B A
Ch - 0 ol o \CELC4Hs
CE30 - Cf, CH_0C
clg -0, 2 cge- Q40 .
\ y g -~ OCgH. +C H.CE,C1~> 88-89
CEH,- o’:P 5+ Ceis e CE_- O/P\CF C4H
CoHs0 - CF, 025500532
CH - o\P CH - Q40 168-199/2 m
5 - OC B4 CcE CH,Br—>
A R CE.- o/P\ca c.H
c c 205
c1 - CE, 1 - CZ
CH - © )
6 | Yy 00, By + G CH Br— i =95
CBy- ¢/ 7 CH,- H2C635

Thas, displacement of one hydrogen atom for various radicals in the alkylethylene
glycol esters of vhosphorous acid does not break the ring, =as might have beer thcught,
but stabilizes it.

EE%
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) ’ Tet us consider the mechahics .of all tra.nsformtiom'of.ths‘ oyslic eaters
) studled, : ) : i L :
Despite thé seeming distinction between ring clefivags. and non-ring cleaﬁge
ester reactions, their mechsnism is the same, and is that of .the trialkyl .
phosphite transformations, as’clis be seen fram the follewing. schemes
' . LS . PR
’ Ceﬁso\. . - . .
P #0CH + CQES'B;' —>,QQH50\ 0CHs - .. C‘?HSO\ /002135,

/ :
D , .

CH,OCH CH, - OCH
3 12 ) |2 /o :_C_Q_H; CH, - 0352
G - Q CE-Q /
P - OC P B CH - ¢
IV TN /P

e Colg P
’ I

CH,-

T shall now examine the action of water on scme of the cyclic phosphorous
coters synthesized. Water acts in different ways or trialkyl vhosphites. It
acts extremesly energetically on trimethyl phosphite, especially in the
presence of the smallest traces of hydrogen ions. On the other hand, triethyl
phospbite can be heated in pure water over 100° tor & long time without any
noticeable alteration.

All the cyclic esters with a five-member ring studied react very readily
with vater, with evolution of a large gqrantity of heat, but as in the other
cases 8i3cuesed, the rosction procseds elong two lines -- with or without

ring cleavage.
We studled the action of water on six esters.

Aa was pointad out ir our previous paper, water reacta vigorously with
the ethyl ester of ethyleneglycolphosphorous acid with ring cleavage. The
action of water on the ring-substitution erters of ethyleneglycolphosphorous
acid proceeds Just as vigorously, but the ring je preserved with the evolu-
tion of the corresponding alcohols in thc free state. Moreover, the action
of water on the phenyl ester of X-methoxylpropyleneglycolphospnorous acid also
proceeds with preservation ol ihe ring and evulution sf phencl

Weionh Ti PACLC-L.

A1l that I have expounded ia cleaerly visible ia Tabls 7.

&
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:._ : " o | . Tabls 7

oe \ ) ' b*:p 142-143°%/11 wa
25 T
CHy =0 CH,O0H — CEpOP, R
N 2 B \on ‘ n;" 1.4825
‘ /P - 0zt + EOH oo, :
) -~
CH, - O - ¥om,08CHOF

Y

B

"_"330 2

CH - 0"

‘ \p - 0CH, 4+ HOH
/ 3 .

(3¢ NP o

bp 156-1589/10" mm’

CH -0 I
Lo n20 14719

P - OC_H_ + HOE
CHp- 0 ey

CH -
I (;>P00h39 + HOH

e N S e N N e S et e N N Na” St Nt? Ve Sanrs? Ve e

bp 1b4-145°/2 mm

€108
20
CH - np 1.4898
] O\pochn9 + 08 —» C3H0.PCL + CE 0B
CHp- O ,

bp 127-129%/2.5 mm

Coll5 — 001|12 p 127-129%/

CH - 0

| P - 0CoHs + BOH —> CgHp,0,F + C 0K
-

o5

3 & 1scous
The hydrolysis products of ail the esters gtudied are colorless, V ;
odorlese lgquig whig‘ svaporate in macno without decompoeing at high temperatv.es.
Due to the consistency of these compounds, 1t was not possible to determine thelr
specific gravity. We tried to prepare metalllc Aerilyatives of these origimal

acids, but have not as yet succeeded.

ng0  1,4588

Compounds with six-member, and, especially, seven- and eight-member rings

have not been studied so thoroughly.

- 10 -
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Ag can be seen frbm Table 2, we syhthesized the methyl and ethyl esters
of 1,3-butyleneglycolphosphorous aclde. These esters lave the: i leest ylelds.

—

) In regard to their reactions to .various reagents, &g yst we have studied
only the gction of trimethylerie bromide on the methyl and ethyl esters of -1,3~
butylex}eglyco].phoephorous acid. . LT

: The reaction took place iu the presence of small‘quain;vi\‘qi’e‘é of dry benzene
during heating of the mixture to the boiling point of benzens for balf an bowr.

The reaction.proceeds without ring cleavage, the corréspondihg ﬁrqmidsv
being formed -- methyl bromide in the first cage and ethyl ‘In-the second,’ - -

The reaction product is the same in each case --\1,3’-'ﬁuty'lénéglycol.
The esters of triphenylmethylphosphorous ecid &re crystals with melting point
192-193 degrees. As can be ssen, the ring 1s preterved during the reaction.

S ‘ R o - o\ 9
2\ P - OCE; + {-0635)3 + »CBr -~ CE,

CH

/

4C Br'v,
cno/ ' St = Netem) 33 Y
. . . . —_—
N A , o 6753
og | iy

CEx0 JCHO_ 0

/
CE, POCHs + (Cgh;)1CBr —> CEHj P/ + CoHshr
P 4 -4
c'no‘/ a0 C(CcHs)3
cg, CH

I shall say & few worde on derivatives containing a seven- and eight-
member ring.

We did not attempt to prepare these esters from the chloranhydrides
synthesized from 1,L-butylene glycol (tetramethyleneglycol) and diethylene
@lycol in view of the already-mentioned instability of these chloranhydrides.

We prepered the ester with s seven-member ring from Memshutkin's chloran-
hydrides, acting on them with 1,4-butylene glycol in the presence of pyridine.
These esters, like the chloranhydride, are very umstable and began te depoeit
crystalline producte while their specific gravity wes being determined. Ko
derivatives have a8 yet been obtained.

A mixed ester of phcsphorous acid with an eight-member ring could not be
prapered. However, we huve not lost hope of preparing these capricious
end wnstable compounds for future study of their properties and reactions.

In connection with the action of acetyl bromide, chlorocarbonic ester, and
carbon tetrachloride on. some of the emters proparcd, we etudied the action of
scstyl bromide on the methyl and acetyl eatera of methoxyprovylenephosphorous
acid. The action of acetyl bromide on the methyl ester is extremely energetic,
and & considerable amount of heat is evelved. The ring remaine intact. The
acetylene derivative of methoxypropyleneglycolphosphorous acid is a mobile

1iquid with boiling point 141-142,5° at p = 2 mm.
i

- 11 -
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The reaction of acetyl bromide with the ethyl ester ie gomewhat less
) ’ energetic and, surprisingly, is accompanied by ring cleavage. The compownd
’ obtained is a liguid with boiling point, ]3f 132 at p= 2 mn. It ie
‘noteworthy that the bolling point of thie compound -1s. low in comparisen to
that of the reaction product, methyl ester, althongh the molecular weight of
the compcund containing a bromine atom ie considerably higher. ’ .

The retiction of the chlorocar'bon.ic gster with the ethyl aater of
methoxypropylenephosphorous acid als¢ ledds to ring ogening. The re&ction )
product is a liquid. whose boiling point is 14h.5°-146%at Pt l 5 nmm; n”
1,4520, k

I aghell alsc mention & reaction of carben tetrachloride on the eth,yl
eater of methoxyp: .y ieucphosphorous acid which we succeeded in bringing -
‘about only once. The redction takes plece in & saaled ‘tube ‘on heating to
1n0°-170° for almoet 24 hours. The reaction product is & viscous liquid
vhose boiling point 18 144C-1509t p = 1.5 mm. After evaporation the ligquid
cryatallized into a sol1d- TBBB. Amlyais ghowed that the ring was preserved
and' gthyl chloride evolvet;, The subgtande obtained is’ unstable and ite
wropertise could nat be atud‘.ed. in :detail, beven attem'ots ‘to repeat ths
experiment vere unauﬁcosaful, decomposition oecux-ring e.t the comencmnt
of empomtion. .

- In conclupion, all the structural forailas given in the tahles are, in
our opinion, ‘the most probable but have not yet been rigorously proved.

While performing the experiments and writing this article we were
unavoidably ignorant of M. I. Kabacinik and P. 0. Roseiyskaya's article on
the same pubjesct, "A Study of the Reaction ofiGlycols with Phosphorous

v Trichloride and Menshutkin's Chloranhydride® ("Izv Ak Nauk SSSR, Otdel
Khim Nauk™ ¥o 5, 1947, p 509).
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